INTRODUCTION
Bronchial asthma may be described as a generalized and reversible narrowing of bronchial airways-such changes may occur spontaneously or be provoked but in bronchial asthma they are not due to cardiovascular disease. Hereafter the abbreviation" asthma" will be used.
Asthma has been known since ancient times (the word is derived from the Greek for " panting ") and contrary to traditional aphorisms, the condition may be a lifethreatening one. Huber and Koessler (1922) first pointed out that asthma may be lethal and many subsequent reports, particularly since 1953, have attested to this fact (Kountz and Alexander 1928 , Williams 1953 , Cardell and Pearson 1959 , Lancet 1968 , Gandevia 1968 , Read 1968 , V.S. Bureau of the Census 1973 . This paper reports the incidence, complications and management of severe asthma and is part of a review of the work of the Acute Respiratory Unit of the Royal Newcastle Hospital. occurred during the admission. Respiratory failure due to asthma occurred on 106 occasions.
Respiratory failure occurs when the lungs are unable to maintain blood gases within limits sufficient for normal cellular metabolism and may occur clinically (J ames, Mills and Murree AlIen 1971) :
(a) when because of respiratory distress with cyanosis or unconsciousness, it is obvious and to await blood gas studies prior to commencement of remedial therapy would represent an unwarranted hazard to the patient. (b) In less urgent CIrcumstances when arterial blood gas analysis with the patient spontaneously breathing air reveals a Pa0 2 of 50 mm Hg or less and/or PaC0 2 of 50 mm Hg or more and when these deviations from normal are due to respiratory causes. (c) When in a deteriorating condition, confirmed by worsening blood gas analyses, it may be anticipated that unless remedial steps are taken respiratory failure according to the above criteria will occur soon and the patient's chances of survival will be lessened. Patients with asthma were managed on an outpatient or general practitioner basis (Gandevia 1957 , 1963 a and b, Karetzky et al. 1974 . A worsening condition resulted in admission to hospital. When assessment soon after admission indicated an acute but nonurgent situation, patients were treated with bronchodilator and oxygen therapy in the general wards. Response to therapy was measured by blood gas analysis, spirometry and observation, including well-being, fatigue and the ability to take food and cooperate.
If it was apparent early that life was threatened by hypoxaemia and/or hypercarbia and artificial ventilation might be needed, the patient was admitted to the Intensive Care Unit. Similarly if later, there was failure of conservative therapy, as evidenced by the persistancc of hypoxaemia, hypercarbia or acidosis, the patient was then transferred to the LC.U. There, fluid balance, spirometry, physiotherapy and respiratory and cardiovascular measurement were able to be undertaken in more detail. It was judged best to encourage the patients to " do it for themselves". This was accompanied always by the assurance that if they could not, help in the form of artificial ventilation and allied techniques was readily available. As a result patients were frequently able to participate more adequately in their therapy and improvement occurred.
Patient fatigue and increasing respiratory distress particularly in the presence of acidosis and hypercarbia, were the indications for artificial ventilation. \Vhen this was necessary, the patient was first sedated with intravenous diazepam or phenoperidine, 100% oxygen was administered and, after an appropriate wait, their pharynx and vocal cords were sprayed with topical lignocaine. An orotracheal l'ortex cuffed tube was then introduced as atraumatically as possible and the cuff inflated only so far as still to allow a slight leak of air around it at the peak of ventilator inspiration. Further sedation was administered if excessive reaction to intubation occurred. Gentle manual inflation of the lungs using an Ambu bag or an anaesthesia machine was then commenced. :\Ianual inflation allowed further assessment of airwavs resistance and, as well, a breath-to-breath assistance of ventilation. Further, it allowed a gradual taking over of control of respiration as the circumstances dictated. It was considered important not to hurry this phase of intervention so as to avoid rapid changes in acid-base balance (Adler, Roy and Pelman 1965) which may result in cardiac arrhythmias or generalized fitting (Rowe, Castillo and Crumpton 1962 , Ayres and Grace 1969 , Cranefield, Wit and Hoffman 1973 . At this time close observation of the cardiac monitor is mandatory. The occurrence of ventricular arrhythmias signal a need for intravenous lignocaine and longer periods of oxygenation between suctioning. This per iod also allowed for the commencement of bronchial lavage. Small amounts (5 to 10 ml) of warm saline were repeatedly introduced into the tracheobronchial tree. After instillation of the saline, a period of manual inflation assisted resultant coughing and was followed by suctioning. One hundred per cent oxygen was used throughout this period. The return of stringy mucoid plugs and casts in the tracheal aspirate indicated their removal from the lower respiratory tract. A satisfactory result in this regard was not pursued too far but the patient was allowed a period of rest in order to stabilize. Further lavage and suctioning were tried after an appropriate period. At the same time sodium bicarbonate ] ·5 mEq/kg was administered intravenously if the patient was acidotic. Tracheal aspirate was sent for bacteriological culture and sensitivity.
Ventilatory volumes and rates and oxygen concentrations were used as appearcd appropriate and later adjusted according to arterial blood gas results. \rhere possible initially, tidal volumes of J 0 to 12 ml/kg of body weight at respiratory rates of six to eight per minute were considered optimal. Later tidal volume was increased to 12 to 15 ml/kg and the slow respiratory rates maintaincd. A Bennett ]\1:\1 B ventilator was usually used for this purpose. Artificial vcntilation was progressively adjusted to achicve normal or as near normal blood gases as po,·sible.
It was important to obsc[\'e the" adequacy" of expiration as evidenced by the cxpired tidal volumc meter on the Bennctt Ventilator. Bv adequacy is meant the ratc and uniformity and completeness of expiration. Respiratory rates were adjusted to allow completion of expiration prior to the start of the next inspiration.
If conventional artificial ventilation did not result in an acceptable Pa0 2 , Positive End Expiratory Pressure (P.E.E.P.) was introduced and increased slowly depending on the cardiovascular and blood gas responses produced. Serum electrolytes were measured as was central venous pressure, urinary output, arterial blood pressure and pulse. These gave an indication of the cardiovascular response to artificial ventilation and P.E.E.P. which cause a rise in the mean transpulmonary pressure and thereby decrease venous return (Qvist et al. 1975, Fairley and Isenberg 1975) . "Yhen necessary infusions of electrolytes and dextrose were used to counter the diminution of cardiac output which resulted. On no occasion in this series was a Swan-Ganz catheter used. At the commencement of artificial ventilation methyl prednisolone 30 mg/kg was given intravenously and the dose reassessed as progress dictated. Also, bronchodilators, parenteral antibiotics, sedation and hydration were maintained in such a way as to limit the ventilatory period to as short a time as possible and so reduce the incidence of serious complications such as pneumothorax.
Muscle relaxants were not used to aid artificial ventilation. The use of the~e drugs makes the artificial ventilatory period more dangerous due to the possibility of inadvertent disconnection and the abolition of spontaneous cough. However, muscle relaxants would have been used had persistent cough inhibited effective artificial ventilation. Frequent examinations were made to detect deep cervical emphysema and pneumothorax and if these occurred intercostal catheterization and underwater-seal drainage were established forthwith.
The indications of favourable progress were the achievement of the pre-set tidal volume by lessening inflationary pressure, the improvement of blood gas levels as indicated by a lessening of the Pi0 2 -Pa0 2 difference and a general settling of the patient with the improvement of peripheral perfusion and urinary output.
Artificial ventilation was needed for an average of 20 hours. The range ot successful artificial ventilation~ was six to 40 hours. The majority of patients had respiratory failure only once during the seven year period. One patient had four episodes. Nine of 75 patients died on their first episode of respiratory failure due to asthma. Two of 31 died during repeated episodes (Table 2) . Table 3 shows the worst arterial blood gas findings for anyone episode. These were usually the findings soon after admission. However, some findings were those of a deteriorating situation unable to be relieved by artificial ventilation. All patients with gross hypercarbia (PaC0 2 greater than 80 mm Hg) survived although seven of the 14 needed artificial ventilation. ~lost patients with respiratory distress were given additional oxygen by mask or nasal catheters. It was felt unwarranted to remove this purely to document hypoxia. Despite this Pa0 2 below 50 mm Hg was found during 25 episodes.
Three of 17 patients with findings of both hypoxaemia and hypercarbia died. In these three, findings were made during artificial ventilation in a deteriorating condition. Four others with both hypoxaemia and hypercarbia necried artificial ventilation and survived. Five of 26 patients with severe acidaemia (pH < 7·2) died.
Six patients had "obvious" hypoxia unconfirmed by blood gas analysis. Two were dead or dying on admission and the other four had preterminal cyanosis prior to sudden death. In all those 11 who died, arterial blood gas analyses were either confirmatory of a clinically obvious state or were unable to be performed due to the emergency nature of the situation. One patient died a "cerebral" death with normal blood gases. A(;Ie There "'as no marked age disparity hetween tll(' sexes. Hmyeyer, the males tended to be younger (Table 4-). Five dcaths occurrcd in the ~O--lO age group. Three hoys and three girls agell less than 10 years had respirator:,>" failure fro III asthllla, onc bo:,>" died. The commonest associated condition ill 1 hose with respiratory faill1n~ due to astllllla was acute clwst infection. Others had tuberculosis, myocardial infarction and renal impairment. Tile presence of chest infection influencecl prognosis III a rkedly, ;)() episodes of asthma and a~~ociated chest infcctiun resulted in respiratory failure, nine patients needed artificial ventilation and five died. P:\El;}lOTHOIL\X :-;pontaneous pneulllothorax occurred in three males who survived and in the two females who died either just before or soon after arrival in hospital. Four other fell1ales deYCloped pneumothorax whilst being artificially ventilated. Each had associated chest infection and three of these patients died.
GE:\EH.AL \VAIm :\IA:\AGHIE:-IT
The vast majority of patients admitted with asthma were managcd satisfactorily with bronchodilator therapy in the general wards.
As \\'ell as the 2,8:27 who did not suffer respiratory failure, HI of the \OH respiratory failure episodes were managed in tIle general ,,·ards.
Fifteen patients not tlJOught to suffer respiratory failure died. Thc causcs of deatll arc listed in Table G . .-\sthllla did not contribute directly to their deaths.
One female and three males managed in the general wards died from asthma. One had lespiratory failure, the otlIers did 110t. TlIis patient "'ith hypoxia had ]Jreviou:ily bad respiratory failure from chronic obstructive lung disease. The other three were not thought to be in danger until cvanosis occurred preierminally. Each of these four died suddenh' Table 6 . It is apparent from nearly three thousand admissions with asthma that only a few are in danger of death. However half of the deaths due to asthma occur outside of hospital (U.S. Bureau of the Census 1973)." Recent evidence suggests that reliance of self-administered therapy until lethal airways occlusion has occurred, is the major cause of death in those dying outside of hospital (Karetzky 1975) .
In asthmatics there is progressive formation of casts in the tracheobronchial tree derived from decidua from metaplastic bronchial epithelium and mucoid secretions from hypertrophied goblet cells (Thieme and Sheldon 1938) . Hypersecretion and simultaneous impairment of the ciliary activity result in the breakdown of the ciliary escalator mechanism (Salvato ] 9(8). Progressively occlusion of small airways by such casts reduces alveolar ventilation and increases ventilation-perfusion inequalities (Houston, De Navasquez and Trounce ]953, Cardell and Pearson 1959, Messer, Peters and Bennetl960, Salvato 19(8) . Sudden unexpected and possibly unpreventable death in asthma is increasingly being recognized as due to this paroxysmal total lower airway occlusion by this mechanism (Gregg and Batten 1969, Williams and Levin 1966, O'Brien and Ferguson ] 9(0). It may also be significant that the four sudden unexpected deaths in this series occurred during the early morning" dip" wherein most asthma exacerbates. This "dip" is an exaggeration in asthmatics of the normal diurnal rhythm, blood cortisol levels are lowest at this time.
If asthma causes respiratory failure the risk of dying is increased many times to 10%. If artificial ventilation or allied techniques are required the mortality increases to 30'/'0. If artificial ventilation is needed for more than 24c hours, in our experience the mortality rate exceeds 50%. It may be that the poor results we obtained from artificial ventilation reflected the highly selective and poor-outlook group who receive such therapy. In those at risk, asthma has changed from an acute bronchospastic to a chronic broncho-obstructive condition, and the results of artificial ventilation therapy in these patients may be expected to be comparable to the results obtained from the artificial ventilation management of chronic obstructive pulmonary disease (Sluiter et al. 1972) . There is however always a place for the use of artificial ventilation treatment of asthma after conservative measures have failed. Where circumstances indicate conservative measures should be given only a brief trial and if clinical or laboratory studies indicate a downhill course, then artificial ventilation should be instituted early.
We were unable to confirm the findings of Rees, l\Iillar and Donald (1968) regarding the high mortality associated with gross hypercarbia. We do agree however with Faulks, Campbell and Pinkus (1975) , that a moderately low Pa0 2 when associated with fatigue is an indication for artificial ventilation. In our experience fatigue and irritability as prognostic signs, are as important as blood gas analysis. Acidosis is also important particularly when it is due to both hypercarbia and hypoxaemia. Such states warrant early artificial ventilation and acidbase deficit correction. Whilst blood gas analysis is a very efficient technical aid in detecting respiratory failure, it may only indicate the state of affairs at anyone moment. Repeated analyses give a trend and therefore are more reliable. In each of the 11 who died arterial blood gas analysis either confirmed a clinically obvious situation or, in the case of those four dying suddenly and unexpectedly in the wards, \vas unable to be performed under the emergency conditions which pertained. We think that in two cases, blood gas analysis taken before their sudden decline may have revealed a precarious situation warranting active intervention. These two instances were the elderly man who died 2-~ hours after admission and the young man who died on the 5th hospital day.
Other contributory factors previously suggested by others and encountered by us as provoking asthma are emotional states (Knapp et al. 19(6) , aspirin administration (Cardell and Pearson 1959, Earle 1953, Ghannam, Schreier and Van se low 19(8) and the prolonged selfadministration of bronchodilator aerosols (Karetzky 1975) . Whilst it is unlikely that the fluorocarbon propellents of bronchodilator aerosols ever reach cardiac arrhythmic levels in even prolonged usage (Brooks, l\Iintz and \Veiss 1972) blood levels of the inhaled sympathomimetics may reach such arrhythmogenic levels if hypercarbia and/or hypoxia are present. As well, the bronchial mucosa drying properties of the inhaled agents and their carriers have not vet been documented. At least two deaths in our series were associated with the use of bronchodilator aerosols to a point where hypoxia occurred. \Vhether hypoxia was due to cardiac arrhythmia or to airways occlusion in these instances is not known.
Previous severe attacks necessitatillg artificial ventilation obviously worsened the prognosis in any attack. The distress and fear of a patient who has previously been in such peril is a very real factor which required management in itself. The mechanical sequelae of previous intubation and/or tracheostomy, though not encountered by use, may well be vital in deciding the eventual outcome.
The use of steroids is a subject of considerable discussion in the management of chronic asthma (Rees and Williams 1962, Gandevia 1968 of the 11 respiratory failure deaths in our series. Steroids should be very slowly withdrawn and never suddenly stopped by patient or on doctor's orders.
Active or recent chest infections similarly influence the outcome in an episode of asthma. Infective mucosal oedema further narrows the bronchial lumen and weakens both bronchial wall and lung interstitium leading to a degree of interstitial emphysema (Karetzky 1975b) . This decreases alveolar ventilation and increases the likelihood of pneumothorax either spontaneous or induced by the high inflationary pressures required to ventilate a non-compliant lung. Pneumothorax may occur in asthma without the added factors associated with infection. The occurrence of pneumothorax is particularly dangerous as, undetected, it may progressively impair an already restricted respiratory function and, in an emergency, the application of artificial ventilation will promote tension pneumothorax unless there is a prior establishment of intercostal pleural drainage. CONCLUSIONS I t is our experience and firm clinical impression that self-medicated asthma has more and more become an acute-on-chronic disease. Asthma converts progressively from a bronchospastic condition to a broncho-occlusive one with the passage of time, the severity of attacks and the extent of patient-administered therapy. Often a sicker patient presents for intra-hospital management because of the prolonged selfadministration at home. Whilst sympathomimetic aerosols may not be harmful in themselves (Gandevia 1973) , with prolonged self-administration the patient postpones medical treatment past a comfortable conservative management situation.
The intra-hospital management should be directed to small airways clearance and restoration of an adequate alveolar ventilation by whatever means are necessary so to do. When respiratory failure occurs or threatens it should be detected or anticipated by both clinical and laboratory methods.
Those particularly at risk in asthma are those who self-medicate for a long period, those who have recently ceased steroid therapy, those who have an associated chest infection and those who develop pneumothorax. These patients should be watched with the utmost caution and if conservative methods do not bring about rapid restoration of respiratory status to normal, active measures to clear lower airways should be undertaken urgently.
